At present, the diagnosis of AKI in cirrhosis is based on the presence of serum creatinine ≥ 1.5 mg/dl (glomerular filtration rate, GFR, <40 ml/min) [4] . The major shortcoming in diagnosis of AKI in patients with cirrhosis is the use of serum creatinine, as the surrogate for GFR. Patients with cirrhosis generally have low muscle mass and inadequate dietary intake. Accordingly, creatininebased equations such as Cockcroft-Gault or Modification of Diet in Renal Disease will overestimate the true GFR [2] . Thus, especially for patients who have low baseline serum creatinine concentration, creatinine-based diagnostics will result in the delay in the identification and thus treatment of AKI.
Because of the shortcoming in creatinine-based diagnosis of AKI in cirrhosis, the new AKI concept and its diagnosis have been proposed by adopting the definition of AKI from the AKI Network (AKIN) instead of using the cutoff creatinine at 1.5 mg/dl [5] . In this definition, the emphasis of diagnosis of AKI does not rely on structural or functional renal diseases. More importantly, a small increase in serum creatinine ( ≥ 0.3 mg/dl or ≥ 50% over baseline) is required for the diagnosis of AKI. Once AKI is diagnosed, it can be further subcategorized into three stages according to the magnitude of increase in serum creatinine: stage 1: 150-200%, stage 2: >200-300%, stage 3: >300%, or of at least 0.5 mg/dl in patients with baseline serum creatinine ≥ 4 mg/dl or renal replacement therapy [3, 5] . Using the AKIN definition, one Renal failure or acute kidney injury (AKI) is one of the most common and severe complications in patients with cirrhosis [1] . These patients have increased propensity for AKI due to the development of hemodynamic abnormalities secondary to portal hypertension and splanchnic vasodilation, which leads to the activation of the renin-angiotensin-aldosterone system. The underlying pathogenesis is believed to be from the increased production of nitric oxide [2] . Once developed, it carries a poor prognosis with high morbidity and mortality [1, 2] .
The general approach for the diagnosis of AKI in cirrhosis is to dichotomize the etiologies into structural versus functional causes [2] . However, the diagnosis can be very challenging due to the complexity of clinical conditions in these patients. The majority of cases have renal hypoperfusion-related AKI, and the condition improves after adequate volume replacement/expansion. The remaining non-volume responsive cases are classified as having hepatorenal syndrome (HRS), which is further classified into 2 types depending on the evolution of renal failure [3] . HRS type 1 is a rapid worsening of kidney function with the elevation of creatinine from baseline to over 2.5 mg/dl within 2 weeks. This condition is normally associated with acute alcoholic hepatitis, bacterial infections, and is associated with high short-term (days to weeks) mortality. HRS type 2, on the other hand, is slower in onset and progression. The prognosis is better than that with HRS type 1; however, the overall survival is still poor [3] . recent study has found that the risk of mortality is increased with the progression of AKI into the high stages [1] . However, it is important to note that those who had AKI stage 1, but the total serum creatinine ≤ 1.5 mg/dl had similar short-term mortality at 90 days to those not having AKI [6] .
Regardless of the traditional diagnostic criteria or the new concept of using the AKI definition to identify renal failure, none of these definitions takes the renal hemodynamics such as renal plasma flow (RPF) and GFR into consideration during the diagnosis of renal failure. It is known that patients with Child Class A often have normal renal function despite slight reduction in the RPF [7] . On the other hand, GFR is maintained at normal or low/normal levels by a compensatory increase in filtration fraction, by angiotensin II-induced efferent glomerular arteriole vasoconstriction [7] . The alteration in the RPF, GFR, and filtration fraction is a dynamic process and in fact may coincide with the degree of portal hypertension, and it can be used to stratify the etiologies and stages of renal insufficiency.
In the current issue of the American Journal of Nephrology , Mindikoglu and Weir [8] , after an excellent topical review, propose a new classification for AKI in cirrhosis. They propose a combination of changes including abnormalities of GFR and RPF to classify kidney dysfunction into 5 different stages from stage 0 to 4, based on severity. The proposed system is a new dynamic classification in which the status of renal function can change depending on RPF, GFR, and filtration fraction at the time of measurement. In addition, using this approach, the authors indicate and we agree that we will be able to identify unique cases with pre-HRS (cases with reduction in RPF but normal or low/normal GFR) in whom the early intervention and prevention might preclude the progression into HRS [8] .
This recent introduction of the concept of renal hemodynamics adds a new facet to the classification of renal dysfunction in cirrhosis. However, its clinical implementation and the feasibility are not yet ready to be primetime. First, GFR and RPF are generally measured using a plasma clearance method, which depends on the determination of specific chemical tracers (inulin and iothalamate for GFR and para-aminohippurate for RPF) being removed from plasma by kidneys [9, 10] . The measurement requires an experienced laboratory, and it might not be widely available. Second, the classification requires partition of RPF and GFR into different levels depending on the degree of reduction when compared to normal value. However, it is unknown what should be the optimal cutoff for different levels of RPF and GFR. Third, what should be the timing and frequency of the measurement? Patients with cirrhosis are often hospitalized with complicated clinical presentations such as acute variceal bleeding, spontaneous bacterial peritonitis, in conjunction with some degrees of renal insufficiency. Should the measurement be employed at the time of admission or when patient is stabilized? Moreover, the stages of renal disease are dynamic in the newly proposed paradigm; the next question is how often should we measure the renal hemodynamics while patient is hospitalized?
It is unquestionable that we need a sensitive marker to detect early-onset AKI in patients with cirrhosis. The issue of using creatinine is that it is not the indicator to differentiate the types of renal diseases in cirrhosis (structural vs. functional), and therefore it provides no guidance on AKI etiology or as a surrogate for the response to any therapeutic intervention. The use of renal hemodynamics also has its own issues, as outlined above. Recently, several novel urinary biomarkers for structural AKI have been identified. Among them are kidney injury molecule-1, neutrophil gelatinase-associated lipocalin, and liver type fatty acid-binding protein [2] . Increased levels of these markers have been shown to be specific for structural renal injury, which might allow us to differentiate structural from functional renal diseases. Future studies are needed to determine the role of these markers in patients with cirrhosis in the diagnosis of AKI.
In closing, a more accurate classification of AKI in patients with cirrhosis is needed with the goal to detect the condition at the early stage. It would be ideal to use renal hemodynamics in order to stratify patients with different etiologies of renal dysfunction. However, its use has its shortcomings. The recent adaptation of the AKIN criteria to diagnose patients with AKI with cirrhosis seems very promising for the earlier diagnosis of AKI. The use of kidney injury biomarkers is still in its infancy and requires further validation. Clearly, more work is needed in this field in order to explore the new classification to better diagnose AKI in cirrhotic patients.
